Abstract. Nasopharyngeal cancer (NPC) is associated with Epstein-Barr virus (EBV) and EBV antigen may be utilized for therapeutic purposes, including targeting of dendritic cells (DCs). Although DCs may be present in NPC, the information is limited and not up-to-date with current knowledge on DC subsets. In the present study, biopsies from untreated NPC were obtained and subjected to multicolor flow-cytometry focusing on DC subtype markers: CD123 for plasmacytoid DCs (pDCs); and CD1c and CD141 for myeloid DCs (mDCs). Furthermore, subset-specific expression of the C-lectin receptor (CLR) CD207 (also termed langerin) was assessed. pDCs and mDCs were detected in the NPC lesions, contributing to a frequency mean average of 0.78% of CD45 + leukocytes in situ. Different subpopulations, previously not described in NPC, were observed, including: CD123 + pDCs; CD1c + mDCs; CD141 + mDCs; and CD1c -CD141 -mDCs. A high frequency of CD1c + mDCs expressing CD207 was observed, compared with other subsets. In conclusion, different DC subsets are present in NPC lesions. The CLR CD207, a selective endocytic marker on CD1c + mDCs, may be targeted for therapeutic purposes to facilitate cross-presentation of antigens and aid cell-mediated antitumor effects.
Introduction
Nasopharyngeal cancer (NPC) is a relatively rare form of squamous cell carcinoma with vast differences in incidence globally (1) . Prior infection with Epstein-Barr virus (EBV) is considered an important etiological factor in regions with endemic NPC, along with genetic susceptibility, and dietary and social factors (1) . According to a large study conducted in Hong Kong (a region with endemic NPC) between 1996 and 2000, the 5-year disease-specific survival rates range from 65% to >92% depending on the cancer stage (2) . The side effects of current primary treatments (radiotherapy with or without chemotherapy) are marked (3) . There is therefore a requirement for novel treatment approaches.
The association between NPC and EBV provides an opening for antigen-specific treatment for NPC. Adoptive immunotherapy comprising of allogeneic or autologous cytotoxic T lymphocyte (CTL) therapy, bypassing the antigen-presenting procedure, has been investigated (4-7). For instance, Smith et al (7) demonstrated antitumor effects in patients with metastatic NPC treated with autologous antigen-specific T-cell lines generated in vitro using an adenoviral vector-based vaccine (AdE1-LMPpoly) encoding for multiple EBV antigens. However, active immunotherapy, to the best of our knowledge, has not been utilized in the treatment of NPC.
Identification of a tumor-specific EBV antigen in NPC suggests the possibility that the condition is amendable to specific dendritic cell (DC)-targeting immunotherapy. DCs are professional antigen-presenters and key regulators of T-cell polarization (8) . Blood DCs form a heterogeneous population, including CD123 + plasmacytoid DCs (pDCs) as well as CD1c + and CD141 + myeloid DCs (mDCs), and each subset features different pattern recognition receptor (PRR) profiles, including Toll-like receptors (TLRs) and C-lectin receptors (CLRs) (9) . Adjuvant actions on a number of these receptors, including the CLR CD207 (also termed langerin), may promote cross-presentation of antigens, which is a necessary step to achieve beneficial cell-mediated cytotoxic effects (10) (11) (12) . Detailed information on intralesional DC subsets and receptor repertoires is necessary in order to design effective immunotherapy for NPC; however, currently there is limited information available.
The presence of human leukocyte antigen (HLA)-DR + and HTA-I + cells, which are morphologically and phenotypically similar to antigen-presenting Langerhans cells, has previously been reported in NPC (13) . Similarly, cells with features of the Langerhans cell type, morphologically or immunohistochemically using S-100 or HLA-DR/HTA-I (CD1a antibodies), have been demonstrated in NPC (14) (15) (16) (17) (18) . Furthermore, Braz-Silva et al (14) demonstrated a subset of CD207 + DCs infiltrating EBV-infected areas in NPC. However, a detailed description of DC subsets, according to current knowledge in the field, is limited for NPC. In the present study, using fresh tumor-samples obtained from patients with untreated NPC, the presence and characteristics of DCs was examined using multicolor flow-cytometry. It was demonstrated that different subpopulations of DCs are present in NPC lesions and that CD1c + mDCs may have an increased expression of CD207, compared with other subsets.
Materials and methods
Study design. A total of 5 patients, 3 male and 2 female patients, (range, 39-67 years of age) with untreated NPC were recruited between November 2014 and August 2016 at Skåne University Hospital (Lund, Sweden), a tertiary referral center with a catchment population of approximately 1.9 million. The inclusion criteria of the present study was age >18 years and no prior cancer treatment. Patient characteristics are presented in Table I , including histopathology classification according to World Health Organization (WHO) (19) and cancer stage according to Tumor-Node-Metastasis (TNM) classification of malignant tumors (20) . The Ethics Committee at Lund University (Lund, Sweden) approved the study protocol and written informed consent was obtained from all patients prior to inclusion.
Sampling. Topical anesthesia and mucosal decongestion was achieved by nasal/nasopharyngeal administration of a mixture of tetracain (20 mg/ml) and adrenalin (0.1 mg/ml) using a spray-device. Tissue samples were obtained using a punch forceps under endoscopic guidance. Half of the biopsy was sent for routine pathology work, including EBV-encoded small RNAs-1 (EBER1) in situ hybridization. The other half was stored in tissue storage solution at 4˚C (Miltenyi Biotec GmbH, Bergisch Gladbach, Germany) and transferred to the laboratory.
Cell preparation. Fresh biopsies were cut into ~2 mm pieces and placed in RPMI-1640 medium (Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with gentamycin (0.1 g/ml; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany). Enzymatic digestion was performed by incubating the tissue suspension at 37˚C for 20 min with Collagenase IV (2 mg/ml) and DNase I (200 Kunitz/ml) (both from Sigma-Aldrich; Merck KGaA). A single cell suspension was prepared by filtering the cell suspension through 70 µm cell strainers (BD Biosciences, San Jose, CA, USA). The number of viable cells were calculated using 4% Trypan blue solution (Thermo Fisher Scientific, Inc.) and non-stained cells were counted instantly using Fluovert FS inverted fluorescence microscope (magnification, x20; Leitz). Cell viability was evaluated using Trypan blue-exclusion.
Multicolor flow-cytometry. Single cell suspension was blocked using mouse IgG (Table II) and incubated for 5 min at room temperature, followed by incubation at 4˚C for 20 min in Brilliant Stain Buffer (BD Biosciences) in the presence of the antibody panel indicated in Table II . Stained cells were run on a BD FACSAria II (BD Biosciences) and subset frequencies as well as CD207 expression was further analyzed with FCS Express v4.0 (De Novo Software, Glendale, CA, USA).
Viable cells were gated in a forward scatter (FSC)-side scatter (SSC) plot and doublet exclusion was then performed using FSC-area vs. FSC-height. Leukocytes were subsequently identified as CD45 + cells, out of which HLA-DR + lineage-(CD3, CD14, CD56 and CD19) cells were gated. mDCs and pDCs were identified based on the expression of CD11c and CD123, respectively, and these subsets collectively were the total number of DCs. mDCs were further subdivided into CD141 + , CD1c
+ and CD1c -CD141 -cells. The applied gating strategy is indicated in Fig. 1 . Cell surface expression of CD207 was assessed using a similar gating strategy (Fig. 1) . A fluorescence minus one (FMO) control was used for the PE channel (an identical additional sample prepared without CD207-staining antibodies) when sufficient numbers of cells were available to perform two staining preparations from the same sample (the DC populations are present in very low frequencies and ≥1x10 6 
Results

DCs, including CD11c
+ mDCs and CD123 + pDCs, were detected in all NPC lesions (n=5), contributing to a frequency mean average of 0.78±0.50% out of the CD45 + leukocytes in situ (Fig. 2A) (Fig. 2C) , and the differences in frequency in these subpopulations were significant (P<0.001). CD207 expression in the different subsets was increased in CD1c + DCs (n=2), suggesting a selective expression of CD207 in this subset (Fig. 2D) .
Discussion
In the present study, an intralesional presence of DCs in untreated NPC and their subpopulation frequencies was demonstrated. This includes CD1c + and CD141 + mDCs that are of interest in the context of cross-presentation of antigens (21) . Furthermore, a notable expression of the CLR CD207 in CD1c + mDCs is suggested, which is of interest for the identical reason. The results are of relevance to future study designs and to therapeutic attempts to instruct DCs to facilitate antigen-specific immunological responses against NPC.
The present data demonstrates that DCs are present in NPC, which verifies previous morphological observations (13-18). (20) . EBER-1, EBV-encoded small RNAs 1; TNM, tumor-node-metastasis. Furthermore, it was indicated for the first time that specific subpopulations, previously characterized in blood as CD1c + and CD141 + mDCs as well as CD123 + pDCs (9), infiltrate NPC lesions. mDCs and pDCs, being antigen-presenting cells and representing an important association between innate and adaptive immunity, may thus be regarded as treatment targets in conditions such as NPC. Indeed, such a therapeutic potential is underscored by the present description of intralesional DC subsets, which may be selectively targeted to achieve a desired cross-presentation of antigens and resulting CTL responses. It may also be of interest to investigate the prognosis of NPC in association with the presence of DC subsets, due to conflicting information being presented for DCs (or DC-like cells) in this context (18, 22) .
Considering DCs as treatment targets pertinent to NPC, it is important to reflect on how they can be instructed to facilitate cross-presentation of antigens. In this context, different DC subsets express distinct PRR profiles (9) and, in vaccination/active immunotherapy, adjuvant effects are mediated via these receptors. As a result, and depending on which PRR is activated, DCs receive directional information. A key consideration is that information on DC receptor repertories may be required to be subset specific. This is reflected by the fact that different DC populations may conduct opposing actions, including immunosuppression and immunoactivation. Accordingly, stimulation of a receptor that is not restricted to a specific DC subset may produce conflicting effects. Furthermore, experimental evidence indicates that stimulation of a number of receptors, including CD207, as demonstrated in CD1c + DCs in the present study, may facilitate cross-presentation of antigens (10) .
The present study warrants future attempts to outline a complete map of PRRs on DC subpopulations in NPC and other head and neck cancer types, focusing on those PRRs that facilitate combined humoral and cellular antigen-specific responses, including TLR2, TLR4, Dectin-1, Dectin-2, CD206, DEC205, C-type lectin domain containing 9a, DC-specific intercellular adhesion molecule 3-grabbing non-integrin and X-C motif chemokine receptor 1 (23) . In the present study, the sample size was small, both in regard to patient numbers and tissue amount, reflecting the fact that this cancer type is rare and indicating that the number of cells available for flow cytometry analysis were too low for a wider profiling using this technique. Nevertheless, such examinations, and possibly a comparison to control tissue, are necessary and may, for example, be initiated by biomarker identification using single-cell RNA-sequencing methods (24) . In this context, a comparison between EBV + and EBV-NPC may also be warranted as well as between NPC and control tissue.
In conclusion, a number of DC-subpopulations are present in NPC lesions. CLR CD207, as a selective endocytic marker on CD1c + mDCs, may be targeted for therapeutic purposes to facilitate cross-presentation of antigens, serving potential cell-mediated antitumor effects. The present study leaves CD1c -CD141 -mDCs, which have been recently identified (24, 25) , open for further characterization, as they comprise a notable fraction of mDCs residing in the NPC samples. Table II Sweden), for reviewing the histopathology results, and Dr Margareta Nilsson (Department of Diagnostic Radiology, Skåne University Hospital, Lund, Sweden), for reviewing the imaging results.
Funding
Funding was received from the Swedish National Health Service, the Swedish Association for Otorhinolaryngology Head and Neck Surgery, and Laryngfonden.
